Background. The biggest challenge today is the accuracy of diagnostic tools to detect asymptomatic malaria. Up to the present, a microscopic examination procedure is only performed on patients with fever; thus, finding asymptomatic malaria is quite impossible. A serial microscopic examination (SME) procedure on patients who are at risk of malaria would make it possible to detect asymptomatic malaria. Objectives. This study was done to find cases of asymptomatic malaria through the optimization of malaria diagnostic procedures at the primary health care facilities in the Batubara District, North Sumatera Province of Indonesia. Material and methods. SME was conducted for three consecutive days once a microscopic examination provided a negative result. A diagnosis of malaria is confirmed by optimization of routine microscopic examination (ORME). SME is then carried out on the 2 nd day (first SME), the 8 th day (second SME) and the 15 th day (third SME). An examination was declared negative once Plasmodium sp. is not found up to 500 high power field. Results. SME of 1,597 patients who had negative results on the first microscopic examination revealed that 95 had submicroscopic malaria (5.9%). This study found asymptomatic malaria in 20.3% of the study subjects (188 persons) at first microscopic examination, 3.7% (34 persons) at first SME and 3% (28 persons) at second SME. Conclusions. ORME and SME performed on people at risk of malaria provide the possibility to detect asymptomatic malaria. This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/). Siahaan L, Eyanoer P, Panggabean M, Panggabean Y. Optimization of diagnostic procedures in primary health services to detect asymptomatic malaria. Fam Med Prim Care Rev 2018; 20(1): 67-70, doi: https://doi.
Background
Malaria is a parasitic disease that is still a major health problem in the batubara District, one of 13 districts categorized as a hypoendemic malaria area in the north Sumatera Province of Indonesia. The disease can cause death, especially in high-risk groups, such as infants, toddlers and pregnant women [1] .
the morbidity and mortality rate of malaria constantly fluctuates. Fluctuations of the prevalence of malaria occur all the time in many places in Indonesia, including in the southern district of Nias, one of the areas with the highest prevalence of malaria in the North Sumatera Province [2] .
Fluctuations are influenced by many factors, including diagnosis, treatment, community behavior, vector density and other factors related to the life cycle of the parasite. The delay of diagnosis is influenced by the availability of diagnostic tools in each area. One of the causes of such fluctuations is failure to detect cases of asymptomatic malaria. Alves stated that there are 4-5 times more patients with asymptomatic malaria compared to symptomatic malaria [3] .
Detection of malaria patients is generally done by waiting for the suspect to come to the health service for examination and treatment. The method is often known as Passive Case Detection (PCD) [4] . This method will certainly be difficult to discover asymptomatic malaria, especially for those who did not experienced fever [5] . Asymptomatic malaria patients generally do not report to health care facilities; however, they can be a source of transmission of new cases of malaria (gametocyte carrier) and a reservoir of parasites, which are vectors of infection [6] . The Plasmodium will form the reservoir in a vector, especially in hypoendemic malaria transmission, and it can potentially be the cause of an increase in cases of malaria [7] . Coura et al. stated that the inability to detect and treat 25% of cases of asymptomatic malaria could thwart the efforts to eliminate malaria [8] .
Many countries have increased the efforts of malaria interventions towards malaria elimination. One of these efforts is to change the diagnosis from diagnosing the patients' disease into diagnosing the presence or absence of malaria parasites in patients with asymptomatic malaria. The number of cases of asymptomatic malaria is influenced by many factors, such as the age of patients, the density of parasites and the bites of insect [9] . Asymptomatic malaria can also occur in a chronic infection [10] . The biggest challenge now is finding asymptomatic malaria at an early stage [6] , especially at primary health care facilities.
Detection of asymptomatic malaria has been performed using polymerase chain reaction (PCR), which is known to be more sensitive than a microscopic examination. However, PCR tests are very difficult to perform at primary health care facilities. This is due to high operational costs and the fact that performing such a test requires standard methodology and expertise [11] . Although less sensitive a than microscopic examination [12] , rapid diagnostic tests (RDTs) could be used to detect asymptomatic malaria in hypoendemic areas, especially on periodic mass blood surveys [13] . A Rapid Diagnostic Test (RDT) is an alternative diagnosis commonly used in areas without a trained microscope reader, but the microscopic test is still the golden standard in diagnosis of malaria.
PCR and microscopic examinations have the same capacity to identify species, but only a microscopic examination provides the possibility to calculate the density of parasites and identify the stage of parasitic development. Parasite density is needed in the evaluation of the effectiveness of malaria treatment, and estimating the density of the gametocytes of the parasite is particularly useful in the effort to control the transmission of disease [14] . Therefore, the optimization of a routine microscopic examination (ORME) at the primary care level may prove to be more useful in detecting asymptomatic malaria than the use of PCR assays. ormE is done by increasing the volume of blood being examined and performing a serial microscopic examination (SME). Optimization will minimize the chance of misdiagnosis due to low parasite density. Furthermore, SME can be performed on any person at risk of malaria.
Objectives
The data presented here was part of a study designed to create a model for diagnosing asymptomatic malaria in the Batubara District in the North Sumatera Province of Indonesia. The Batubara District is a hypoendemic malaria area, as the estimated prevalence of parasites in children aged 2 to 9 years is less than 10% [15] . This study is being carried out from March 2015 to March 2018, and its primary aim is to detect the presence of asymptomatic infections through the optimization of malaria diagnostic procedures at primary health care facilities.
Material and methods

Study design
This is a longitudinal study for a diagnostic test. Each study subject residing in the area was observed for 2 weeks. Data was collected from 4 primary health care facilities and 25 villages -from March until December 2015. Passive case detection (PCD) was done on patients treated at primary health care facilities with no symptoms of malaria (fever) and who were willing to participate in this study. At the same time, active case detection (ACD) was carried out on residents living with patients previously diagnosed with malaria (secondary data). ACD methods generally allow one to detect more cases of asymptomatic malaria than PCD. This paper has been subjected to an ethics review by the ethical committee of the Medical Faculty, University of Sumatera Utara and has been favorably endorsed by the above-mentioned committee. Ethical clearance number: 252/KOMET/FK USU/2015.
Laboratory methods
Routine microscopic examination (RME) is the examination of a thick blood smear with a volume ranging from 3-4 µl blood (1 blood drop) stained with 3% Giemsa and examined at up to 200 high power field [16] . ORME is an RME with one additional drop of blood to allow examination at up to 500 high power field. A thick blood smear was prepared by staining the glass slide with 2 drops of blood. SME is an RME performed several times once a negative result is obtained during the first examination, and it ceases once Plasmodium sp. has been found or when a specimen has been examined 3 times in a row. A thin blood smear examination is done to identify the species of Plasmodium. Parasite density calculation is performed at up to 500 high power field.
Malaria diagnosis is confirmed by ORME, as this was the golden standard in this study. If the first RME (Day 0) finds no Plasmodium sp., it is then followed by the first SME on the next day (Day 1). If the results are still negative, the SME is repeated on the 8 th day (second SME) and 15 th day (third SME). Microscopic examination will be terminated once Plasmodium sp. has been found or if the serial examination is done three times. Microscopic examinations are carried out by at least two experts who have been trained (certificated from the Indonesian Health Ministry) and have worked at the Parasitology Laboratory of the Medical Faculty, University of Sumatera Utara. In the case of differences in examination results, the tests are performed by a third diagnostician, and his result is used as the final decision.
Statistical analysis
A descriptive statistical analysis was performed to compare malaria classification and the etiology of malaria. Two-by-two tables were created to calculate point estimates and 95% CIs for the sensitivity, specificity, positive and negative predictive value. The chi-square test was used to compare cases of asymptomatic malaria between each diagnostic procedure (RME, first SME and second SME) and mode detection (ACD and PCD).
Results
This study involved 927 patients with no fever out of a total of 2,478 subjects examined. An axillary temperature was obtained upon recruitment of all patients. Fever was defined as an axillary temperature ≥ 37.5°C.
The ORME found that 26.9% of the study subjects had asymptomatic malaria, with Plasmodium vivax (53.6%) being the most common etiological factor (Table 1) . 188 persons (20.3%) were found to be infected with asymptomatic malaria on D0, 34 persons (3.7%) on D1 and 28 persons (3%) on D8. No cases of asymptomatic malaria were confirmed on the third SME (D15). Diagnostic accuracy increases in highdensity samples ( Table 2 ). Table 2 ). Asymptomatic malaria was still found during the second or third microscopic examination. Detection of asymptomatic malaria is usually done using PCR. PCR use in primary health care facilities is limited due to its high cost, lack of standard methodology and a shortage of experts. In addition, PCR assays cannot be used to estimate the density of parasites or to identify their developmental stage. The accuracy of the microscopic examination is lower when compared with PCR. This has been widely demonstrated in epidemiological studies [10, 14] . One of the factors that influences test accuracy is the amount of blood. Microscopic examination uses approx. 5 µl of blood, while PCR requires approx. 200 µl of blood for DNA isolation [11] .
Therefore, optimization of microscopic methods at primary health care facilities should be done, among others, by using more blood volume and introducing serial microscopic examination. Harris stated PCR methods show a 25% higher accuracy in detecting asymptomatic malaria than RME [20] . Thus, it is expected that the optimization of RME can offset the superiority of PCR. This result is expected to reduce the transmission of the disease and accelerate malaria elimination [8] .
The success of early detection is influenced by the method used. Passive case detection of asymptomatic malaria should not only be performed in patients with fever, but can be randomly performed on all patients attending primary health care services. This was confirmed by a study stating that not all malaria patients present with complaints of fever [5] . Active case detection can, however, be performed based on the findings of previous cases of malaria. Blood tests can be performed on residents who live close to malaria patients or by mass examination of blood samples from people who live in areas where malaria is reported throughout the whole year.
it should be noted that to successfully eliminate malaria in any given endemic region, one of the main requirements is active case detection. Periodically, people in endemic areas, with or without fever, should be tested to detect asymptomatic infections. It could be postulated that, as no cases of asymptomatic malaria have been found, the malaria elimination program is successful [19] .
Conclusions
Detection of asymptomatic malaria in primary health care facilities can be improved through the optimization of routine microscopic examinations and by introducing serial microscopic examinations in patients at a higher risk of malaria but who present with no fever.
the results show that the ORME had found cases of asymptomatic malaria more often than the RME. The SME performed on patients with no fever found 62 (6.7%) asymptomatic malaria patients.
In general, the ACD found cases of asymptomatic malaria more often than the PCD in all diagnostic procedures, although the difference was not significant (p > 0.05) ( Table 3 ). The results show the importance of active detection of asymptomatic malaria in people living in malaria-endemic areas, particularly those at a higher risk of malaria but not presenting with fever.
Discussion
Malaria is still the most prevalent mosquito-borne disease in batubara, one of the most highly endemic areas in the north Sumatera Province in Indonesia. Detection of asymptomatic infections in primary health care facilities has become a crucial element to complete a malaria elimination program. Considering the challenge of eliminating asymptomatic malaria, the aim of this study was to evaluate the prevalence of cases of asymptomatic malaria based on microscopic examination in the Batubara District.
Many countries are scaling up malaria interventions towards elimination of the disease. This means that malaria diagnostics has to be oriented toward asymptomatic carriers, as well as towards patients presenting with fever. In fact, asymptomatic carriers act as parasite reservoirs and continuously transmit parasites to Anopheles mosquitoes [17] .
Infections of asymptomatic malaria do not manifest with fever, but Plasmodium sp. is found on microscopic examination of blood specimens. Gametocytes present in the blood of patients can be a source of new infections (gametocyte carrier). Late diagnosis and treatment of patients with asymptomatic malaria increase the risk of malaria transmission and are a major obstacle in eliminating the disease [6] .
The epidemiology of asymptomatic malaria is different in each region and depends on the endemicity. The prevalence of asymptomatic malaria is influenced by many factors, such as age, the density of parasites and insect bites [9, 18] . Asymptomatic malaria may also occur in patients with chronic malaria infection [10] .
At an early stage of the disease, asymptomatic malaria does not show any clinical symptoms, but when antiparasitic immunity fails to suppress parasite density, clinical symptoms do appear eventually [6] . Clinical symptoms are expected to appear two to four weeks later. Dysregulation of the immune system leads to the development of symptomatic malaria, which may not be detectable by microscopic examination (submicroscopic malaria) [19] .
Microscopic examination as the standard diagnosis of malaria is expected to be optimized, especially for the early detection of malaria in primary health care facilities. Detection of asymptomatic malaria requires a diagnostic tool that has a high sensitivity, and microscopic examination accuracy improves when done serially. A negative result in the first microscopic examination does not rule out the diagnosis of malaria. SME can be repeated a maximum of 3 times.
In this study, the ORME has found 40/188 (21.3%) infections of asymptomatic malaria, which was more than the RME, with 
